Principles and Techniques of Practical Biochemistry '…essential reading for any student likely to embark on laboratory work on biochemical systems.'
From the reviews of the previous editions: '…essential reading for any student likely to embark on laboratory work on biochemical systems.'
SGM Quarterly
'This book deserves a place in any modern pathology department and brings together a body of information which is traditionally scattered across several texts … it also represents excellent value for money.' Annals of Clinical Biochemistry 114 ( Fig. 16.6a) . A typical surface concentr ation o The sensor chip forms one wall of a micro-flo w the ligand can be pumped at a continuo us, pu immobil ised receptor ( Fig. 16.6b ). This ensure the surface is maintain ed at a constant value concentr ation of the circulatin g ligand. Var ionic concentr ation are carefully controlle d receptor to the ligand. Replacin g the ligand the dissociat ion of bound ligand to be studie
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Care and maintenance of centrifuges
Corrosion and degradation due to biological buffer systems used within rotors or contamination of the interior or exterior of the centrifuge via spillage may ser-iously affect the lifetime of this equipment. Another important point is the proper balancing of centrifuge tubes. This is not only important with respect to safety, as outlined below, but might also cause vibration-indu ced damage to the rotor itself and the drive shaft of the centrifuge. Thus proper handling and care, as well as regular maintenance of both centrifuges and rotors, is an important part of keeping this biochemical method available in the laboratory. In order to avoid damage to the protective layers of rotors, such as polyurethane paint or alu-minium oxide, care should be taken in the cleaning of the rotor exterior. Coarse brushes that may scratch the finish should not be used and only non-corrosive detergents employed. Corrosion may be triggered by long-term exposure of rotors to alkaline solutions, acidic buffers, aggressive detergents or salt. Thus rotors should be thoroughly washed with distilled or deionised water after every run. For overnight storage, rotors should be first left upside down to drain excess liquid and then be positioned in a safe and dry place. To avoid damage to the hinge pins of swinging-buck et rotors, the rotor assembly should be dried with tissue paper fol-lowing removal of biological buffers and washing with water. Centrifuge rotors are often not properly stored in a clean environment; this can quickly lead to the destruction of the protective rotor coating and should thus be avoided. It is advis-able to keep rotors in a special clean room, physically separated from the actual centrifugation facility, with dedicated places for individual types of rotor. Some researchers might prefer to pre-cool their rotors prior to a centrifugation run by transferring them to a cold room. Although this is an acceptable practice and might, for example, keep proteolytic degradation to a minimum, rotors should not undergo long-term storage in a wet and cold environment. Regular maintenance of rotors and centrifuges by engineers is important for ensuring the safe operation of a centralised centrifugation facility. In order to properly judge the need for replacement of a rotor or parts of a centrifuge, it is essential that all users of core centrifuge equipment participate in proper book-keeping. Accurate record-keeping of run times and centrifugal speeds is important, since cyclic acceleration and deacceleration of rotors may lead to metal fatigue.
Safety and centrifugatio n
Modern centrifuges are not only highly sophisticated but also relatively sturdy pieces of biochemical equipment that incorporate many safety features. Rotor chambers of high speed centrifuges and ultracentrifuge s are always enclosed in 115 3.3 Types, care and safety of centrifuges Some microscopes are more suited to specific applications than others. Images may be required from specimens of vastly different sizes and magnifications ( Fig. 4.2) ; for example, for imaging whole animals (metres), through tissues and embryos (micrometres), and down to cells, proteins and DNA (nanometres). The study of living cells may require time resolution from days, for example when imaging neuronal development or disease processes, to milliseconds, for example when imaging cell signalling events. The field of microscopy has undergone a renaissance over the past 20 years, with the addition of various technological advancements to the instruments. Most images produced by microscopes are now recorded electronically using digital imaging techniques -digital cameras, digital image acquisition software, digital printing and digital display methods. These advancements have allowed many more applications of the microscope in biochemistry, ranging from routine observations of cells and cell extracts to specialised techniques for directly measuring biochemical events in cells.
THE LIGHT MICROSCOPE

Basic components of the light microscope
The simplest form of light microscope consists of a single glass lens mounted in a metal frame -a magnifying glass (Fig. 4.3) . Here the specimen requires very little cell so that an aqueous solution of lse-free rate across the surface of the s that the concentr ation of ligand at , which can be varied by altering the iables such as temperat ure, pH and , as is the duration of exposure of the solution by a buffer solution enables d. or causes an increase in mass at the he ligand causes a reduction in mass at use changes in the refractive index of t is this change in refractive index that e propagat ion velocity of electrom agsuremen t is based on a phenome non and on the principle of total internal for a collection of conducti on electrons rised light is totally internall y reflected different refractive indices, the reflected anescent field wave, into the medium of liquid containin g the receptor) where it ely only travels one wave length. If a thin etween the two media, its electron cloud ce' spectrosc opy) by interactio n with the anescent field wave. This SPR enhances d simultan eously causes a decrease in the ed light ( Fig. 16.6b) . The angle of the inciends on several factors, one of which is the escent wave is propagat ed. As previous ly the receptor causes a change in refractive which SPR occurs gives a continuo us realg. arised lightang led to thesurfac e ofthebou nd ray of diode detectors monitors the reflected e SPR angle as a function of time and measurgram' in Fig. 16.6b,c) , and by appropri ate caliused to calculate binding constant s and rate teraction s. The SPR angle is expressed in resocorrespon ds to a change in mass at the surface advantag es ofthe techniqu e are that it does not scent or radiolabe lled, it can be used to study n be used with coloured oropaque solutions . In f receptor-ligand interactio ns to be studied, the study antibody -antigen and protein-p rotein ge and cell signallin g. It is extensive ly used in Biological substances are most frequently found at relatively low concentra-tions and in in vitro model systems the volumes of stock solutions regularly used for experimenta l purposes are also small. The consequence is that experimenta l solutions are usually in the mmol dmϪ3, mol dmϪ3 and nmol dmϪ3 range rather than molar. The molecular formula of glucose is C6H12O 6 so its molecular mass is (6 ϫ 12) ϩ (12 ϫ 1) ϩ (6 ϫ 16), i.e. 180 daltons. Hence, 180 g dissolved in 1 dm3 would give a 1 M solution, so that 18 g dissolved in 1 dm3 would give a 0.1 M solution. Hence to prepare 250 cm3 of 0.1 M solution, 4.5 g of glucose would be dissolved in water and the total volume adjusted to 250 cm3 in a volumetric flask.
How would you prepare 10 cm3 of 0.01 M glucose from a 0.1 M stock solution?
Applying the dilution formula, M1 V1 ϭ M2 V2, M1 ϭ 0.1, V1 is unknown, M2 ϭ 0.01, V2 ϭ 10 cm3. Hence 0.1 ϫ V1 ϭ 0.01 ϫ 10, so V1 must be 1.0 cm3. Hence 1.0 cm3 stock solution (dispensed via an accurate automatic pipette) would be diluted to 10 cm3 in a volumetric flask.
What is the approximate molarity of a solution of glucose that contains 20 p.p.m.?
A 20 p.p.m. solution contains 20 g in one million grams or 20 mg in one kilogram.
Assuming that the density of the solution is 1 g cmϪ3, this is equivalent to 20 mg dmϪ3. Hence the molarity of the solution is 20 ϫ 10Ϫ3 /180 M, i.e. 0.11 ϫ 10Ϫ3 M or 0.11 M.
What is the molarity of pure water?
Water has a molecular mass of 2 ϩ 16 ϭ 18 daltons. The molarity of 1 dm3 of water (equivalent to 1000 g if the density is assumed to be 1 g cmϪ3) is therefore equal to 1000/18, i.e. 55.6 M.
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Dilution
In the preparation of experimental solutions it is common practice to prepare dilute solutions from more concentrated stock solutions. This dilution is easily achieved using the formula M1V1 ϭ M2V2, where M1 and M2 represent the initial and final molarities and V1 and V2 represent the initial and final volumes. For the preparation of a given dilution, three of the variables will be known and the fourth can be calculated.
Concentrati on or activity?
Ionisation and ionic strength
A solution of sodium chloride in water does not contain molecules of NaCl but rather individual sodium (Naϩ) and chloride (ClϪ1) ions due to the process of ionisation. Ionisation is possible in this case because sodium chloride forms a crystal lattice in which the sodium and chloride ions are held together by purely ionic attraction, i.e. there is no covalent bond formation. Sodium chloride is typical of the majority of inorganic salts, all of which ionise more or less com-pletely in solution. The process of ionisation in such cases is therefore shown as being irreversible. Collectively these salts are said to be strong electrolytes and contrast with many other compounds, mainly organic acids and bases, which are only partially ionised in solution and are therefore said to be weak electrolytes. The process of ionisation of weak electrolytes is shown as being reversible. Ionisation of weak electrolytes, such as the carboxylic acids, is possible because, although there is a covalent bond between the oxygen and hydrogen atoms in the carboxyl group, the bond is highly polarised so that there pre-exists a partial positive charge on the hydrogen atom. Ionisation to release a proton places a negative charge on the oxygen atom that can be delocalised over the other oxygen atom in the carboxyl group. This stabilises the carboxyl anion (COOϪ) relative to the carboxyl group and encourages ionisation. The relative ease with which the ionisation of weak electrolytes occurs is discussed in Section 1.3. Yet other organic compounds, for example alcohols including simple sugars such as glucose, do not ionise at all in solution and are therefore said to be non-electrolytes.
For some biochemical studies involving the use of both strong and weak elec-trolytes it is more important to measure the amount of individual ions present in solution than to know the concentratio n of the compound from which they arise. Ionic strength () is a measure of the total ion charge in solution and is determined by both the concentratio n of all the individual ions present and their charge. Its value is calculated by use of equation 1.1:
1 . 2 Units of measurement s identified in E. coli termed the lactose operon, where three genes lacZ, lacY and lacA share the same promoter and are therefore switched on and off at the same time. In this model the absence of lactose results in a repressor protein binding to an operator region upstream of the Z, Y and A genes and prevents RNA polymerase from transcribing the genes (Fig. 5.16a ). However, the presence of lactose requires the genes to be transcribed to allow its metabolism. Lactose binds to the repressor protein and causes a conformational change in its structure. This prevents it binding to the operator and allows RNA polymerase to bind and transcribe the three genes (Fig. 5.16b ). Transcription and translation in prokaryotes is also closely linked or coupled whereas in eukaryotic cells the two processes are distinct and take place in different cell compartments.
Post-transcriptional processing
Transcription of a eukaryotic gene results in the production of a heterogeneous nuclear RNA transcript (hnRNA) that faithfully represents the entire structural gene (Fig. 5.17 ). Three processing events then take place. The first processing step involves the addition of a methylated guanosine residue (m7Gppp) termed a cap to the 5Ј end of the hnRNA. This may be a signalling structure or aid in the stability of the molecule (Fig. 5.18 ). In addition, 150 to 300 adenosine residues termed a poly (A) tail are attached at the 3Ј end of the hnRNA by the enzyme poly (A) polymerase. The poly (A) tail allows the specific isolation of eukaryotic mRNA from total RNA by affinity chromatography (Section 5.7.2), its presence is thought to confer stability on the transcript.
Unlike prokaryotic transcripts, those from eukaryotes have their coding sequence (expressed regions or exons) interrupted by non-coding sequence (intervening regions or introns). Intron-exon boundaries are generally determined by the sequence GUAG and need to be removed or spliced before the mature mRNA is formed (Fig. 5.18 ). The process of intron splicing is mediated by small nuclear RNAs (snRNAs), which exist in the nucleus as ribonuclear protein particles. These are often found in a large nuclear structure complex termed the spliceosome, where splicing takes place. Introns are usually removed in a sequential manner from the 5Ј to the 3Ј end and their number varies between different genes. Some eukaryotic genes contain no introns, for example histone genes, whereas the gene for dystrophin, the gene responsible for muscular dystrophy, contains over 250 introns. In some cases, however, the same hnRNA transcript may be processed in 
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